Protein carboxymethylase, an enzyme capable of methylating proteins and polypeptides, was purified from bovine pituitary. The In a study of the distribution of phenylethanolamine Nmethyltransferase in various tissues, Axelrod and Daly (1) observed the formation of a volatile product extractable in organic solvents when S-adenosyl-L-methionine was incu--bated with pituitary glands. Further investigation revealed that pituitary extracts contained an enzyme that forms methanol from S-adenosyl-L-methionine (1). Subsequently, several investigators isolated an enzyme(s) from various tissues that was capable of methylating protein in the presence of Sadenosyl-L-methionine and found that the methylated proteins are readily hydrolyzed at an alkaline pH to yield a volatile product (2-4). However, not until recently was it realized that the "methanol-forming" enzyme and the protein methylase(s) were the same enzyme (5). It was proposed that the protein methylase catalyzed the methylation of carboxyl groups to form methyl esters and that under mildly alkaline conditions the enzymically formed protein esters hydrolyzed to liberate methanol (5).
In a study of the distribution of phenylethanolamine Nmethyltransferase in various tissues, Axelrod and Daly (1) observed the formation of a volatile product extractable in organic solvents when S-adenosyl-L-methionine was incu--bated with pituitary glands. Further investigation revealed that pituitary extracts contained an enzyme that forms methanol from S-adenosyl-L-methionine (1) . Subsequently, several investigators isolated an enzyme(s) from various tissues that was capable of methylating protein in the presence of Sadenosyl-L-methionine and found that the methylated proteins are readily hydrolyzed at an alkaline pH to yield a volatile product (2-4). However, not until recently was it realized that the "methanol-forming" enzyme and the protein methylase(s) were the same enzyme (5) . It was proposed that the protein methylase catalyzed the methylation of carboxyl groups to form methyl esters and that under mildly alkaline conditions the enzymically formed protein esters hydrolyzed to liberate methanol (5) .
The "methanol-forming" enzyme has been identified in erythrocytes (6) and a variety of rat tissues (7) . The enzyme was found to be most highly localized in the pituitary (1, 7) , of which the posterior pituitary appears to have greatest activity (1); enzyme activity was also reported in the hypothalamus (7).
Several enzyme systems are known to be involved in the methylation of proteins: one that methylates the guanidino group of arginine residues in protein (8) ; another, located in the nuclei of various cell types, that methylates the eamino group of lysine residues in protein (9) ; and a third, the "methanol-forming" enzyme or the protein methylase, described here.
The "methanol-forming" enzyme, which we will now call protein carboxymethylase, probably methylates the carboxyl groups of proteins by an ester linkage (3). Indirect evidence for this reaction was provided recently; conversion of free carboxyl groups of ribonuclease to an amide derivative decreased the methyl-acceptor activity by 85%, indicating that protein carboxymethylase probably methylates the free carboxyl groups (10) . Several reports suggest that the enzyme catalyzes the formation of aspartyl and glutamyl methyl esters in the protein substrates using S-adenosyl-L-methionine as methyl donor (3, 4, 10) .
This report describes the purification of a protein carboxymethylase from bovine pituitary and its ability to methylate all known anterior pituitary hormones.
MATERIALS AND METHODS
Materials. S-Adenosyl-L[methyl-'4C]methionine, 52.3 mCi/ mmol, was purchased from New England Nuclear Corp. Luteinizing hormone (LH) (ovine), follicle-stimulating hormone (ovine), growth hormone (ovine), prolactin (ovine), and thyroid-stimulating hormone (bovine) were supplied by NIAMD. Lysine-vasopressin (synthetic), oxytocin (synthetic), adrenocorticotropic hormone (porcine), and bovineserum albumin were obtained from Sigma Chemical Co. Poly(L-glutamic acid) and poly(raspartic acid) were purchased from ICN* K&K Laboratories, Inc. and Sephadex G-100 and DEAE-Sephadex A-50 from Pharmacia Fine Chemicals, Inc.
Enzymic Assay. Protein carboxymethylase activity was assayed by a modification of the method of Axelrod and Daly (1) or by the method of Kim and Paik (4) . The former method was used to assay for enzymic activity based on methanol formation; the incubation mixture contained 50,l of 0. allowed to stand at ambient temperature for 15 min, it was agitated and centrifuged. Two 2-ml aliquots were transferred to two vials; to one, 10 ml of Bray's solution (11) for 1 hr at 800 in a chromatography oven before radioactivity was determined. The radioactivity difference was taken as a measure of methanol formation. A blank in which enzyme was added after the incubation period was run simultaneously. The second assay method involves precipitation of the methylated protein with trichloroacetic acid. Incubations were performed as described above and stopped by the addition of 0.5 ml of 30% trichloroacetic acid; after four 1-ml washings with 15% trichloroacetic acid, the precipitates were solubilized with 0. 
RESULTS
Purification of Protein Carboxymethylase from Bovine Pituitary. All procedures were carried out in the cold (0-4°). Bovine pituitaries (Pel-Freez Biological Inc.) (55 g) were homogenized in 275 ml of 0.25 M sucrose containing 3 mM CaCl2 and 2.4 mM 2-mercaptoethanol in a Waring Blender for two 20-sec pulses with a 1-min interval. The homogenate was passed through three layers of sterile gauze and centrifuged (Spinco ultracentrifuge) at 80,000 X g for 80 min. To the supernatant (225 ml) was added ammonium sulfate to 50% saturation, and the precipitate was recovered by centrifugation. The precipitate was dissolved in 49 ml of the sucrose solution described above and was dialyzed against 5 mM phosphate buffer containing 5 mM EDTA and 2.4 mM 2-mercaptoethanol at pH 7.4 overnight with one buffer change. The dialyzed preparation (40 ml) was applied to a Sephadex G-100 column (5.0 X 90.5 cm) that had been equilibrated with the 5 mM phosphate buffer (pH 7.4); the column was eluted with the phosphate buffer at a flow rate of 20 ml/hr. The most active fractions (80 ml) were pooled, concentrated by dialysis against 50% sucrose in 5 mM borate buffer with 5 mM EDTA and 2.4 mM 2-mercaptoethanol at pH 9.3, and redialyzed against 5 mM borate buffer with 5 mM EDTA and 2.4 mM 2-mercaptoethanol overnight. The dialyzed preparation was applied to a column (1.6 X 33 cm) of DEAESephadex A-50 that had been equilibrated with the 5 mM borate buffer, pH 9.3. The column was eluted with 70 ml of borate buffer followed by a linear concentration gradient to 0.4 M NaCl in borate buffer. The most active fractions were pooled and stored frozen at -20°. Table 1 lists the purification steps and purification achieved at each stage.
The enzyme was purified 528-fold with a 26% yield. The ratio of carboxymethylase activity when assayed in the absence of added substrate (endogenous) to the activity when assayed in the presence of added substrate (LH) demonstrates that a 500-fold purification is required to separate the enzyme from the endogenous substrate(s). (last column, Table  1 ). The final step of the purification produced on enzyme preparation that, in the absence of added protein substrate, had no activity. Characterization of Protein Carboxymethyla8e. Protein carboxymethylase was assayed for methanol formation or for methylated protein formation. Comparable results with the two methods were obtained when incubations were carried out with the purified enzyme at pH 6.0 (Table 2) .
Protein carboxymethylase activity as a function of pH was examined with LH as the protein substrate (Fig. 1) . The enzyme appears to have a narrow pH optimum near pH 5.5. The pH optimum probably reflects ionization characteristics of the enzyme and the protein substrate. Incubations were carried out at pH 6.0 where the enzyme is more stable (13) .
A linear relationship between protein carboxymethylase activity and enzyme concentration was observed (Fig. 2) . Incubations were carried out at pH 6.0 with LH as the protein substrate (methyl acceptor).
The Michaelis equation was plotted in the form usually ascribed to Lineweaver and Burk (1/v against 1/[SJ) to calculate the kinetic parameters. Three plots were obtained from three fixed concentrations of LH and varying concentrations of SAM (Fig. 3) . The intersecting or sequential pattern indicates that SAM and LH combine with the enzyme to form a ternary complex before product formation (14) . 14, 14 , and 10 jM, respectively (16) . The fact that protein carboxymethylase has an apparent Km value one order of magnitude less than the other methyltransferases suggests that the carboxymethylase may also function as a control mechanism for biogenic amine metabolism through its utilization of intracellular SAM.
Several characteristics of this enzyme, i.e., the pH optimum and the apparent Km for SAM, and the characteristics of the methylated product appear to indicate that the pituitary protein carboxymethylase studied here is similar to the enzyme (protein methylase II) from calf thymus (4) and the protein methylase from calf spleen (3).
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